In the domain of human affairs, it is a common dictum that it is the nervous systemthe world of the mind, the exalted seat of thought and feeling-that provides the ultimate challenge for science. We are our nervous systems. For the neurologist, the gauntlet has been thrown. Although neurology's expertise lies particularly in motor and sensory spheres, there is, in addition, an unending procession of nervous conditions that challenge the neurologist to delve into the intricacies of the mental and emotional aspects of human behavior. The neurologist, backed by experience with nature's clinical experiments, should be in a good position to gain insight into the nature of abnormal phenomena and offer suggestions concerning the principles of human behavior.
The aim of this article is to illustrate this viewpoint by reviewing clinical examples that invite thinking beyond the usual bounds of neurological practice. Most of the categories are already wellknown and are presented here to make a salient point. The section on hysteria is more detailed because the principle of absence of free will is examined.
Temporal lobe phenomena are presented first because they represent familiar examples of complex behavior. Then, in turn, the following categories are illustrated: delirium, drug toxicity, cerebral disease processes, pain, dyslexia, and hysteria. The list is not at all complete and is meant to serve as an introduction, a beginning.
COMPLEX BEHAVIOR IN DISEASE OF THE TEMPORAL LOBE
In temporal lobe epilepsy, seizures are regularly introduced by a feeling of fear. Rarely, at the onset there may be a feeling of utter despair. Or, the feeling is one of absolute joy. Years of temporal lobe epilepsy may produce a state that cannot be distinguished from schizophrenia. 1 Or, chronic temporal lobe epilepsy may result in compulsive writing when the focus is in the nondominant hemisphere. 2 Temporal lobe epilepsy may be associated with visual hallucinations of people who speak, or there may be only hallucinations of music, an odor, a taste, or hunger. 3 After a temporal lobe epilepsy seizure, memory for the events of 30 or 40 years may be lost for a few seconds or minutes. Bilateral hippocampal lesions are associated with the conundrum of severe loss of memory and memorization, although cognitive functions are intact. On the other hand, generalized seizures or electrocon-vulsive therapy can dispel despondency for months or years. Herpes encephalitis involving the temporal lobe has been associated with classic mania. Who better than a neurologist to contemplate these remarkable events?
DELIRIUM
The drama of violent postoperative delirium provides insight into the slight insufficiency that may be associated with the alcohol withdrawal syndrome.
Case 1
A 74-year-old man underwent surgical resection of a tumor of the urinary bladder under general anesthesia. The procedure was well tolerated, but 8 hours after the operation, the patient became restless, confused, and combative. Four-limb restraints were required. After 24 hours, heavy sedation quieted him for only 15 minutes, after which struggling and shouting recurred. After 48 hours, his temperature was elevated, his pulse rate was increased to 135/min, and the blood pressure was falling. In this ominous situation, the administration of 4% ethyl alcohol intravenously was begun. When 60 mL had been given, the patient stopped struggling and shouting and within 10 minutes was responding verbally. Soon, he was fully cooperative, and further convalescence was uneventful. According to his family, the patient drank 28 or 56 g of whiskey at dinnertime every evening.
Case 2
A 72-year-old man fell off his chair onto the floor and, although fully alert, experienced great difficulty extricating his legs from the chair legs. He was taken to the hospital, where a computed tomographic scan showed bilateral chronic subdural hematomas. Emergency surgery was performed under general anesthesia. In the recovery room, he became unmanageable, despite the help of 5 assistants, and was shouting, fighting, attempting to get out of bed, and pulling out the intravenous lines. In this desperate situation, he was given 28 g of whiskey in 84 g of water from a glass. He made a wry face but 5 minutes later was quiet and cooperative. According to his family, this patient too had 28 g of whiskey with his dinner and another 28 g later in the evening.
A neurologist witnessing transformations like these develops a strong bias regarding the management of acute delirium tremens.
DRUG TOXICITY

Case 1
In a period of 3 weeks, an 81-year-old woman, began to telephone her sister up to 12 times daily, having forgotten the previous calls. Each morning, she set the breakfast table for another sister who had died 1 year before. The patient's right eyeball had been removed at the age of 2 years. As her main complaint, she reported 1 year of trouble with vision in her right eye. She thought she was in a foreign country. Her short-term memory (1 minute and 5 minutes) was almost nil. While in the hospital, she looked for her husband, who had been dead for 50 years. Neurological findings were essentially normal except for memory. The onset of amnesia could not be traced back further than 1 month. She was receiving 2 medications, triamterene with hydrochlorothiazide and propranolol hydrochloride. A trial withdrawal of one medication at a time was undertaken. When propranolol had been stopped for 4 days, memory began to improve and on the 10th day was normal.
Case 2
A 48-year-old man who had abused alcohol had been taking disulfiram for 5 months and had been abstinent. He gradually became slow and apathetic. He had vague headaches, and his balance became impaired. During the 5 days before admission, he lay in bed except for meals. Disulfiram was discontinued 1 day before admission. On admission, he was apathetic, aspontaneous, and unable to express a coherent thought. On the second day in the hospital, he was mute and unresponsive to conversation. His face was expressionless. He sat staring at the floor. He refused all tests. When this state persisted, he was scheduled for electroconvulsive therapy on hospital day 5. On the morning of day 5, he spoke a little and moved his limbs more. Electroconvulsive therapy was postponed, and steady improvement occurred without special therapy. On day 19, he was still laconic and slow, but eventually he made a full recovery. Disulfiram had produced a clinical replica of catatonic depression.
Case 3
An 85-year-old man was in the hospital because of a compression fracture of the lumbar spine following a fall. Pain was severe and was treated with oxycodone. On hospital day 10, the patient complained that he could hardly speak. In 25 minutes of searching for words, he was able to convey his idea that he had trouble thinking and stating his concepts. He tried to give the date for 4 to 5 minutes, until interrupted by the examiner. He tried using common words for 2 to 3 minutes before giving up. He seemed unaware of the magnitude and significance of the impairment. He could not write what he could not say. He recognized the desired word when it was suggested. There was no dysarthria, and his face was symmetrical.
He could repeat quickly and clearly. He quickly counted to 20 and back. He named 12 objects presented visually. He read aloud rapidly, with good comprehension. He spelled words correctly, obeyed complex commands, and interpreted pictures correctly using gestures. He named 7 vegetables in 40 seconds. He recalled a 7-point memory sentence at 10 minutes. By gestures, he identified items recalled from his breakfast 10 hours before and selected the correct date. There was no facial or limb apraxia. The syndrome was unfamiliar.
Oxycodone, which was the main medication, was discontinued. In 2 days, speech was almost back to normal. The patient was transferred to a rehabilitation hospital, where oxycodone was reinstituted. The identical syndrome recurred. Two years later, after hip surgery under spinal anesthesia in which fentanyl citrate was ad-
WWW.ARCHNEUROL.COMministered, word-finding difficulty was prominent for 36 hours afterward. The syndrome was unusual in that the ideation-speech circuitry was selectively impaired. With the advent of genomic analysis and proteomics, adverse reactions to medications may provide information that will allow dissection of brain functions based on chemical signature. One might envisage drug toxicity being studied at centers where patients' genomic analysis is known or could be undertaken.
DISEASE PROCESSES INVOLVING THE CEREBRUM
Case 1
In 1 week, a 78-year-old woman gradually became unable to discern if it was breakfast time or supper time. She misidentified her grandchildren. During her waking hours, she was almost constantly subject to florid alarming persecutory delusions-her family had drowned, people were being shot, her food was laced with strychnine, guns were aimed at her, doctors were murdering babies, she was a leper, there was a bomb in her room, and so forth. There were literally hundreds of different delusions. Delusional ideation interfered with cognitive testing, but most elements were found to be intact at one time or another. All laboratory study results were within normal limits. Electroencephalographic findings were slightly abnormal. The patient was observed in the hospital for 4 months, without appreciable change. Many different medications were effective only as sedatives. One month after discharge, the patient died from aspiration asphyxia. Neuropathological examination showed Creutzfeldt-Jakob disease.
Case 2
A sophisticated unmarried businesswoman aged 61 years was admitted because she told her friends that 2 weeks before, over 2 days, she gave birth to 25 babies averaging about 15 cm long, mixed boys and girls. Nineteen survived. She nursed them, one breast yielding sweet milk, the other sour. Neurological findings were normal except for errors in subtracting 7 from 100 serially. The cerebrospinal fluid contained 30 lymphocytes per microliter. A glioblastoma involved the medial aspects of the frontal lobes and the pillars of the fornix. The patient had no insight.
Case 3
A woman aged 46 years suddenly complained of a severe headache and lost consciousness as the result of a subarachnoid hemorrhage caused by rupture of a saccular aneurysm of the anterior communicating artery. In the following days, she became mentally clear but complained that, when she did anything with her right arm, the left hand "butted in" and wanted to take over. On the command "touch your left ear with your right hand," the left hand flew up and touched the ear just ahead of the right hand. When asked to "snap your right fingers," the left fingers snapped just before the right. The phenomenon is of interest, insofar as the movement of the left upper extremity, although well coordinated and normally appreciated, was felt by the patient as unwilled, raising the question of how we know normally that a movement is willed.
Structural disease of the nervous system is associated with an array of psychical and behavioral abnormalities that await analysis, including Huntington disease, Parkinson disease, Lewy body encephalopathy, Tourette syndrome, autism, and the many inherited diseases of childhood.
THE CHALLENGE OF PAIN
Case 1
For 4 years, a 53-year-old woman had disabling pain in the throat, upper chest, teeth, gums, tongue, and floor of the mouth. Exertion caused a burning feeling in the arms. Four weeks in a pain center failed to help. Neurological findings were within normal limits except for pseudoneurological weakness of the arms. Carcinoma of the breast was then discovered, and the patient underwent surgery and 2 years of chemotherapy. She said, "After I got the cancer, I really started to do good. I feel good. I used to come to you with so many complaints. I live normally."
Case 2
A 47-year-old woman had heaviness in the left arm for about 20 years, attributed to a cervical rib. The left leg became similarly involved 3 years before the patient attended our clinic. One year previously, she had developed pain above the left earand,attimes,hadafeelingthatbloodwasrushingthrough the left side of her face. Gradually, a feeling of pressure, pulling, tightness, and heaviness extended throughout the entire left side, face, arm, and leg. She could walk only 20 m. In the following 5 years, she was treated with various combinations of 6 analgesics and 8 antidepressants. Leading pain experts were consulted. With her physician's acquiescence, sheconsultedaRomanCatholicpriestinherpartofthecountry who had a reputation for impressive feats of healing. The patient had stopped all medication and reported that she felt much better. On examination, there were no pseudoneurological deficits. She was stylishly dressed and planning a European holiday.
In neither of these patients was litigation or monetary compensation a factor. It is a challenge to formulate a sound physiological or neurological concept of such clinical events. If humans are automatons, their nervous systems must run involuntarily, and a formula in common should be recognizable.
DYSLEXIA
A 13-year-old youth had been unable to learn to read. He was referred to a center for remedial reading, but be-
cause of the prevalence of marijuana use and other delinquencies, his parents discontinued that approach and arranged for the boy to attend his local high school classes, doing the best he could and being promoted each year to be with his age-group. After 5 years at high school, his reading skill was still about nil. His IQ was 127, and he was capable in mathematics and chemistry if the tasks did not entail reading. At age 19 years, he entered the United States Navy, serving in the Vietnam theater for 1 year. He was unable to write to his family. At age 21, he began to look at the sports pages of the newspaper for the first time. On discharge from the Navy, he enrolled in college. After much difficulty in the first year, he gradually improved and graduated with honors. With encouragement from his colleagues, he enrolled in medical school, where his performance was average. He did well in his residency and has become an excellent practitioner and a good physician.
There is nothing so disturbing to a young nervous system as to ask it to do something it cannot do. The neural substrate of reading develops or matures according to different timetables in different individuals. Patience and understanding are necessary.
HYSTERIA Case 1
A woman with temporarily impaired vision was given financial aid by a local government agency during her recuperation. When she was fully recovered, the financial aid was discontinued, after which the patient reported that she had become totally blind. She behaved accordingly. Under special test conditions, visual acuity was found to be 20/20.
Case 2
A middle-aged man fell while boarding an airplane. He may have been unconscious for a few seconds. Afterward, the patient's memory was impaired. His disability health insurance was generous. When a reduction in the compensation was proposed, his symptoms became worse. When asked to recall the memory sentence "Tom and Bill went fishing; they caught 3 black bass," he answered, "Some chaps with monosyllabic names were engaged in a recreation in which the number of items was slightly in excess of the number of chaps." When asked to try hard to remember the names, he suggested 12 monosyllabic male names, but not "Tom and Bill." When his balance was tested, he required support in standing and kneeling. When placed on all fours (on his hands and knees), he slowly rolled over onto his back with all 4 limbs in the air like a tortoise on its back, unable to move unaided. On completion of the examination, he left walking unaided.
Case 3
A young woman had lost her balance 7 years previously and, being unable to walk unaided, had crawled on her hands and knees in looking after her household and her children. It was explained to her that her balance needed training. Accordingly, a newspaper delivery boy's cloth bag was hung from each shoulder across her body. While standing supported, books of various sizes and weights were placed in one or the other bag, depending on the side to which the subject tended to topple. Finally, with a sheet of paper on one side or the other to achieve a perfect balance, she walked 18 m unassisted. Hysteria, the condition in which such disorders occur, continues to puzzle clinicians, and no satisfactory mental explanation has been achieved. The chain of events leading to the clinical state is obvious to observers but not to the patient. Whether the deficit involves amnesia, paralysis, imbalance, pseudoseizure, or blindness, the precipitating circumstances can usually be identifiedprospect of monetary gain, an intolerable personal situation, imminent military engagement, a prior intercurrent illness, or psychosis, etc. Yet, hysterical patients claim that they have no idea how the symptoms and pseudoneurological signs originated. This is a most puzzling feature of hysteria.
In tackling this incongruity, a fundamental question in human biology comes up for consideration, namely, to what extent do humans have voluntary control over their own behavior? It is generally accepted that we do not have control over the succession of our thoughts as they stream by, but is it not different for our actions? All persons have the natural impression that they are in charge of their behavior, to do what they choose to do and refrain from doing what they choose not to do. Libet et al, 4 however, demonstrated under experimental conditions that, when subjects were invited to make a willed movement of their right hand whenever they wished to, an electric brain wave (the Bereitschaftspotential) appeared over the left hemisphere 600 to 800 milliseconds before the subject was aware of intending to act. The cerebral electrical activity was almost completed before activity appeared on the electromyogram. The authors concluded that a voluntary act can begin an appreciable time before there is subjective awareness of having willed the act. Physiological neural activity precedes voluntary activity; the idea to act comes a split second later and is interpreted by the person as having preceded the act. The experimental situation obviously influences the mental state of the subject and could have an effect on the electrical tracery.
However, the same conclusion is reached when it is realized that every thought of acting, every intention, and every feeling of being inclined to act must first be created by nervous system activity. How else could they arise? Ideas would have to arise without a physical basis. The temporal primacy of nervous system activity is a basic tenet.
From these observations, so-called willed acts are preceded by nervous system activity that we become aware of with a slight delay, resulting in the false impression that the act was personally willed. The concept of a willed act as it is commonly accepted becomes untenable.
It could be instructive to analyze hysterical behavior as though it arose involuntarily, automatically. In hysteria associated with monetary reward, the desire of an individual to gain money is so natural and the prospect of losing an advantage so unnatural, so contradictory to
